The green synthesis of metallic nanoparticles paved the way to improve and protect the environment bydecreasing the use of toxic chemicals. A simple and eco-friendly method for silver nanoparticles (AgNPs) synthesis employing the aqueous extract obtained from grape pomace by plasma-chemical extraction technique was developed. The reduction of silver ions in solution was monitored using UV-visible absorption spectroscopy. The synthesised nanoparticles were characterised using scaning electron microscopy (SEM) and dynamic light scattering measurement (DLS). The sizes of the spherical silver particles were found to be in the range of 27-33 nm. The effect of silver ions concentrations on the synthesis of silver nanoparticles and average particle size was investigated. As-prepared Ag NPs had an excellent catalytic activity as a catalyst for the degradation of ibuprofen, which was carried out in 50 s. The current findings are equally extendable for safeguarding the aquatic environment against the pollution caused by drugs and microbial activity via a facile, highly economical, rapid and efficient reduction/degradation method based on the catalytic potential of Ag NPs. The report emphasizes the effect of the size of silver nanoparticles on the degradation rate of hazardous dyes -methyl blue by NaBH4..
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Silver nanoparticles can be synthesized using different approaches, such as electrochemical methods, decomposition, microwave-assisted techniques, and wet chemical procedures [3] . Recently, the development of effective green chemistry methods has received much attention as an alternative approach to synthesize metal nanoparticles, which can eliminate or minimize the generation of toxic or hazardous waste materials and establish a sustainable process.
Analysis of research and publications. The formation of NP with the use of plant extracts, as a rule, has two stages: preparation of the extract and its subsequent use as a reducing/stabilizing agent. Maceration of solid material with different solvents is the most common method to prepare extracts [4] . These techniques often involve several extraction steps, so take a lot of time. Different alternative extraction techniques have been studied in an effort to increase a yield, including e.g. ultrasound-assisted extraction from grape stems, superheated liquid extraction from vine shoots, or fluidized-bed extraction from grape canes, between others [5-7]. Some scientists additionally influence the reaction Вібрації в техніці та технологіях mixtures directly at the stage of the NP formation by different types of radiation. Thus, a variety of radiation sources emitting in the gamma, UV or VIS and microwave ranges are used to synthesize of AgNPs in the presence of plants extracts [8] . Among these, plasma-assisted extraction has low instrumental requirements and allows a simultaneous treatment of various samples in less time.
Among plasma-chemical discharges, contact nonequilibrium low-temperature plasma (CNP) is a promising option from the point of view of practical application [9] . Plasma discharge is generated between the electrode in the gaseous phase and a liquid surface, where another electrode is located. Therefore, chemical transformations on the phase interface are conditioned by the combined effect of: an electrochemical oxidation-reduction; initiated photolysis reactions, the UV radiation; a flow of charged particles from the gaseous phase to the surface of the liquid medium. These factors may increase the efficiency of extraction and concentration of the resulted extracts, and, as a consequence, the efficiency of further synthesis of AgNPs.
The purpose. The main goal is to determine the synthesis conditions and specific properties of green-obtaining silver nanoparticles with the use of the grape pomace extract prepared by plasma-chemical extraction method, their catalytically activity for the degradation of pharmaceuticals drugs and organic dyes.
Experimental. Silver nitrate (99.8%, Kishida), methylene blue, ibuprofen, sodium borohydride, were purchased from Merck Co. Ltd. (Darmstadt, Germany). Aqueous solutions of silver nitrate at different concentration were prepared using ultrapure water (Direct-Q UV, Millipore) and were utilized as starting materials without further purification.
The product of processing was provided by the open joint-stock company OJSC "VINNIEFRUIT" (Kalynivka, Vinnytsia oblast, Ukraine), which is engaged in the production of juices and soft drinks.The grape pomace was dried at 100 °C for 48 h and grounded to obtain a fine powder. The bidistilled water (40 ml) was added to 1 g of dry GP powder and stirred. The resulting mixture was placed in a plasma-chemical reactor. The scheme and the principle of the industrial operation for the plasma-chemical reactor are given in works [9] [10] . The mixture was treated by CNP discharge for 5 minutes (at the amperage of I=120 mA and P=0.8 MPa), cooled and filtered. The freshly obtained GP water extract was used immediately after filtration. Further, such extracts are mentioned as the plasma-chemically obtained grape pomace water extracts (PC GPWE). AgNO3 was dissolved in bidistilled water to prepare the solutions with concentrations in the range 0.25-6.0 mmol/L. In a typical reaction procedure, 40 ml of grape pomace extract was added to 40 ml of AgNO3 solution under stirring during 0.1 min.
Spectra of colloidal solutions were obtained by means of spectrophotometer UV-5800PC using quartz cuvettes in the wavelength range of 190-700 nm (FRU, China). Particle size of colloidal solutions was measured by means of the analyzer of particle size Zetasizer Nano-25 (Malvern Instruments Ltd., Malvern, England). Microphotographs of nanoparticles and particle sizes were obtained on scanning microscope JEOL JSM-6510LV (JEOL, Tokyo, Japan).
The catalytic effect of silver nanoparticles was monitored for the analgesics such as ibuprofen and paracetamol. The catalytic degradation of these analgesics was carried out in a standard quartz cell with 1 cm path length and about 3 ml volume containing Ag NPs. The reaction was performed in the presence of small quantity of NaBH4 only and AgNPs. The catalytic reaction procedures were as follows foribuprofen and paracetamol. The amount of individual reagent was taken as 0.2 ml from 10 mg/L analgesic which was taken in quartz cell followed by the addition of 2.80 ml milli Q water and then by 0.1 ml of 0.02 M NaBH4. After that, fixed amount of AgNPs solution was added to the above mixture. The absorption spectra were monitored by a UV/Vis spectrophotometer.
1 mL 100 mM sodium borohydride solution is added to 1 mL10 −3 M methylene blue. The solutions are then made up to 10 mL using deionized water and vigorously stirred for 5 min. Then fixed amount of silver colloid is added to the solutions. The degradation of dyes is indicated by the decolorisation of the solution. Methylene blue initially blue in color in an oxidizing environment became colorless in the presence of reducing agent (NaBH4) indicating the reduction of methylene blue to leucomethylene blue(LMB).
Results and Discussion. It is known that the "green" synthesis of nanoparticles is based on the use of reducing agents present in the composition of plant material [1] [2] [3] [4] [5] [6] [7] . These substances are characterized by their redox potential and are able to recover cations of the dissociated metal salts. In addition, they can simultaneously act as stabilizers of the obtained NPs. Fig. 1 shows the UV-Vis absorption spectra of Ag NPs obtained at different concentrations of AgNO3 (0.25-6.00 mmol/L) and in the presence of fixed amount of plasmochemically obtained aqueous extract (Ag NPs synthesized at 75 •C, τ=10 minutes).
The extract have a maximum absorption at 300 nm, which may be due to the functional Вібрації в техніці та технологіях compound extracted from grape pomace. Analysis of obtained data showed that the Ag nanoparticles are formed using plasma chemical obtained aqueous GPE (Fig. 1 ). As can be seen, as concentration of silver nitrate changed from 0.25 to 1.0 mmol/L, the intensity of SPR peak was increased remarkably and the location of SPR peak was red shift from 410 nm to 428 nm. The increase in intensity suggests that more nanopartilces are formed. Thus it can be assumed, that although the silver nitrate concentration is increased, the particle size does not increase much. However, while the concentration of silver nitrate altered from 1.0 mmol/L to 3.0 mmol/L, the intensity of SPR peak was decreased slightly. The slightly increase of SPR intensity may due to exhaustion of reducing agent. With an increase in the concentration of silver ions to 6.0 mmol/L, the intensity of the peak slightly increases and there are obvious pair of absorption peaks at 424 nm and 430 nm, which indicates that aggregation occurs in this reactive system and the nanoparticles are well dispersed.
Fig. 1. The UV-Vis absorption spectrum of silver nanoparticles synthesized using plasma chemical obtained aqueous GPE at various concentrations of AgNO3
The DLS technique was used to determine the mean particle size ( Table 1 ). The obtained data indicate that the average diameter of the nanoparticles formed equals 27-33 nm and slightly grows with the increasing of Ag + initial concentration. The morphology of the synthesised AgNPs were investigated using scaning electron microscopy (SEM) analysis (Fig. 2) . The AgNPs were spherical in shape with same size distributions. Fig. 2 . SEM-images of obtained silver nanoparticles synthesis using plasmachemically obtained grape pomace water extract (С (Ag + ) = 3.0mmol/L) Many of pharmaceutical residues in water, wastewater, sludge and sediments are considered ''emerging contaminants''. Analgesic drugs with more than 70 million global prescriptions annually are a special group of pharmaceuticals that exhibit ''persistent toxic waste'' character. Ibuprofen (IBP) is widely consumed analgesic drugs that are available without prescription and found commonly in domestic sewage as a persistent and environmentally stable pharmaceutical [11] .
To explore the efficiency of Ag NPs in aqueous system for the degradation of ibuprofen (10 mg/L) that showed the surface plasmon resonance at 225 and 263 nm. Fig. 3 describes various aspects of catalytic degradation of ibuprofen in the presence of Ag NPs and NaBH4 using UV-vis spectrometry as diagnostic tool. Fig. 3 shows the degradation of ibuprofen (10 mg/L) using different quantities of Ag NPs (0.1-1.0 mL). This demonstrates that increase in the amount of Ag NPs favors to enhance the rate of reaction exponentially by providing more surface area and hence availability of more active sites for catalytic degradation of ibuprofen.
Generally, the degradation of ibuprofen using Ag NPs in the presence of NaBH4 is an adsorption-degradation-desorption phenomenon.
At the initial stage, the ibuprofen and paracetamol molecules and BH4 -1 ions would get adsorbed onto the surface of the Ag NPs where reductive degradation takes place via electron transfer process between the ibuprofen, paracetamol and BH4 -1 .
The catalyst Ag NPs is believed to serves as an electron transfer relay in this situation which concurrently accelerates the electron transfer rate and decreases the activation energy of reaction. Such rapid electron transfer sponsored by the large surface area of Ag NPs leads to complete degradation of ibuprofen molecules simultaneously with the recovery of the catalyst as the degraded molecules leave the surface of Ag NPs and diffuse into solution. Dyes are a major class of synthetic organic compounds released by many industries such as paper, plastic, leather, food, cosmetic, textile and pharmaceutical industries. These effluents result in significant environmental pollution. Azo dye compounds were recognized as potential carcinogens. Abatement of dyes is a required part of wastewater treatment. The dye effluents are highly resistant to microorganisms so that their reduction by using conventional biological treatment is generally ineffective and also resistant to destruction by physical-chemical treatments in a high effluent concentration. We have investigated the size dependent catalytic degradation of organic dyesmethyl blue by NaBH4 in the presence of silver colloids.
Вібрації в техніці та технологіях
The use of methylene blue, a heterocyclic aromatic dye, in the textile has increased in the last few years. The UV-visible band of MB monomer in water appears normally at 665 nm (Fig.4) . The relative absorbance of band at 665 nm is plotted as a function of time to evaluate the reduction reaction rate in the absence of silver nanoparticles.
Fig. 4. Effect of silver nanoparticles on the degradation of methylene blue to leucomethylene blue with varying amounts Ag
NPs: 1 -0 mL; 2 -0.2 mL; 3 -0.4 -mL; 4 -0.6 mL
The decreasing trend of the absorption intensity indicates the reduction of MB, but in a slow pace. Increased degradation of MB has been achieved through the inclusion of silver colloid which is shown by a strong decrease in absorption intensity (Fig. 4) .
Conclusions. For a healthy future of nanotechnology, green synthetic strategy should be adopted for nanoparticles synthesis by using the aqueous extract obtained from grape pomace by plasma-chemical extraction technique to get rid of hazards arising out of the use of chemical reducing agents and organic solvents. A straightforward and environmentally benign method for the synthesis of silver nanoparticles (AgNPs) is reported. Dynamic light scattering (DLS) was employed to measure the hydrodynamic size of nanoparticles in suspensions. The average size of formed silver particles is 27-33 nm.
